Study design: Retrospective descriptive analysis. Objectives: The purpose of this study was to report the functional ability of children with spinal cord injury (SCI) as recorded on motor items of the functional independence measure (FIM) and to examine the factors associated with FIM motor admission and post-discharge gain scores. Methods: Scores on FIM motor items were analyzed from 941 children (age range: 0-21 years; mean: 13 years 4 months; s.d.: 4 years 8 months) admitted in acute-to-chronic time periods post-SCI to Shriners Hospitals for Children (USA). FIM motor scores at admission and gains at discharge were examined along with neurological level, completeness of injury, age, etiology of injury, and length of time between injury and admission and admission and discharge. Results: The FIM motor scores at admission were negatively correlated with age, neurological level and completeness of injury. Gain in FIM motor scores was significant across neurological levels, and was associated with lower admission FIM motor scores, lower neurological level, incomplete injury, traumatic injury and less time between injury and admission. Conclusions: The motor function of children after pediatric SCI depends on neurological level and completeness of injury, among other factors. FIM motor scores can improve with intervention even several years after the injury.
Introduction
A conservative 5% of the spinal cord injuries (SCIs) reported each year in North America occur in individuals younger than 15 years of age and about 20% occur in those younger than 20 years of age. [1] [2] [3] [4] Life expectancy for children and adolescents with SCI is somewhat less than the general population, and is a function of neurological level and severity. 5, 6 Younger children have some natural protection against injury in the compliance of the bones and ligaments surrounding the spinal cord, but once these structures are breached, the resultant SCI tends to be severe. 7 Despite the frequency, duration and extent of disability following pediatric SCI, expectation of motor function post-injury has largely relied on data from adults, and not from children. One notable exception is Garcia et al. 8 who reported the functional status of 91 children with SCI based on the functional independence measure (FIM) 9 or pediatric FIM (WeeFIM) 10 scored upon admission and discharge at a rehabilitation hospital. FIM scores were correlated with neurological level 11 and severity or completeness of injury, 11 but not etiology and age, in this sample of children in an initial acute phase post-SCI. The purpose of this study was to report the motor function of children with SCI. Because paralysis is the major contributor to disability in this population, we examined only the 13 motor items of the FIM (which are identical to the motor items of the WeeFIM) along with the relationship between FIM motor scores, neurological levels, severity and time factors. Our questions were as follows:
(1) What is the functional ability of children post-SCI as indicated by FIM motor scores at admission and discharge? (2) Committee. Parents and children provided written informed consent and assent, respectively. The FIM was administered according to a standard protocol by trained health care professionals to children of all ages at initial admission to the SHC system, at discharge from the initial inpatient stay and again at the time of follow-up. Admission to SHC for some children was soon after the injury; for other children, admission to SHC occurred years later, for purposes such as surgical and other interventions to improve function and comfort. No data were analyzed for more than one admission of any child. Over 6500 FIM assessments were collected on 1750 children with SCI. In addition, neurological level, 11 completeness of injury using the American Spinal Injury Association (ASIA) Impairment Scale (AIS) designations, etiology of injury and age at time of injury were collected. Among the children enrolled in the SCI registry, 941 had complete scores for the FIM motor items for admission; 628 of them had complete scores for the FIM motor items at a discharge assessment recorded at least 3 days after admission. We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research. The FIM items are scored '1, unable' to '7, independent.' Although FIM scores are on an ordinal scale, scores were treated as interval data for these analyses, as in Garcia et al., 8 using only those FIM assessments for which there were no missing data for any motor items. Possible scores ranged from 13 to 91. For research question 1, we recorded FIM motor scores at admission and discharge. For question 2, we compared admission and discharge scores as recorded for the initial inpatient stay of 3 days or more, using paired t-tests, and calculated FIM gain. For question 3, we examined the correlation between FIM motor scores and multiple factors. Neurological levels were categorized as high cervical (C2-C4), low cervical (C5-C8), thoracic and lumbosacral. Severity was categorized as motor complete (AIS A, B) and incomplete (AIS C, D). Injuries designated AIS E (essentially normal motor testing) were included in the incomplete category because AIS E indicated an initial SCI with sacral sparing, which clinicians still designated as such at re-evaluation. Etiology was categorized as traumatic (sports and recreation, vehicular, falls or flying objects, and violent causes) and nontraumatic (medical or surgical etiologies). For question 4, we used regression to examine the multivariate relationship between FIM gain and neurological level, completeness of injury, age, etiology, time since injury and time between admission and discharge. Spearman rank order correlation was used to examine associations between FIM motor scores and categories of neurological levels. Pearson correlation was used to examine all other bivariate associations. All analyses were performed using Microsoft Excel (2003) and SPSS version 15.0 (SPSS; Chicago, IL, USA).
Results
For the 941 children with complete admission FIM motor items, age at the time of injury ranged from 0 to 21 years (mean ¼ 13 years 4 months, s.d. ¼ 4 years 8 months) with 56.4% aged 15 years and below ( Figure 1 ). Data from individuals aged 18-21 years were retained in these analyses because the tradition at SHC and many other pediatric facilities has been to provide care through the age of 21 years. Although specific data were not collected regarding the home state or socio-economic level of these individuals, the three SHC hospitals draw patients from every state in the United States of America, and from families of which approximately 20% have no medical insurance coverage. Table 1 shows the number and proportion of injuries at the various neurological levels, at the designated completeness and with the designated etiology. The average number of days between injury and admission was 522 (s.d. ¼ 872), with 30% of admissions to the SHC system in the first 2 months post-injury, and 47% of admissions in the first 6 months. Out of the 941 children with complete FIM motor items at admission, 33% were discharged in less than 3 days. For the 628 children who had inpatient stays of 3 days or more, the average number of days between admission and discharge was 60 (s.d. ¼ 66), with 40% discharged within 1 month of admission and 65% discharged within 2 months. Motor scores on the FIM after pediatric SCI DD Allen et al
The overall mean for the motor FIM scores at admission was 46.4 (s.d. ¼ 26.0). For the 628 children who also had discharge assessment data 3 or more days after admission, the mean at admission was 39.2 (s.d. ¼ 23.9), and the mean at discharge was 55.1 (s.d. ¼ 24.6). Figure 2 depicts the average FIM motor scores for children in each group of neurological levels: high and low cervical, thoracic and lumbosacral injuries.
The gain from admission to discharge was significantly different from 0 across all levels (t ¼ 22.84, degrees of freedom ¼ 627, Po0.00001) and for each group of neurological levels (Po0.00001). About 27% of the children had no change or a decrease in recorded FIM scores from admission to discharge. About 44% gained 13 or more points in scores on FIM motor items at discharge compared with admission.
Having a motor complete SCI was significantly correlated with lower admission and discharge scores (r ¼ À0.14 and À0.29 for admission and discharge, respectively, Po0.001) and lower FIM gain (r ¼ À0.22, Po0.001). Having a higher neurological level (fewer levels functioning normally) was significantly associated with lower admission and discharge scores (Spearman's r ¼ 0.58 and 0.69, respectively, Po0.001) and lower FIM gain (Spearman's r ¼ 0.19, Po0.001) (see Figure 2 ). There was no change in neurological level or completeness recorded between admission and discharge assessments.
The FIM admission scores were negatively correlated with age at injury in the entire group (r ¼ À0.16) and specifically in those aged 15 years or below (r ¼ À0. 15) , that is, older children had significantly lower recorded scores on motor items (Po0.001). FIM gains from admission to discharge had small positive associations with age at injury in univariate analysis, with the whole group at r ¼ 0.09 (P ¼ 0.03) and those 15 years of age or younger at r ¼ 0.14 (P ¼ 0.01).
Traumatic etiologies were associated with lower FIM admission scores on motor items (r ¼ À0.17, Po0.001) than nontraumatic etiologies. Traumatic etiology was not associated with FIM gain in univariate analysis.
In univariate analyses, FIM gain was positively correlated with the length of time between admission and discharge (r ¼ 0.14, Po0.002) and negatively correlated with the length of time between the date of injury and admission to service (r ¼ À0.30, Po0.001). FIM gain was negatively correlated with FIM admission score at r ¼ À0.32 (Po0.001), indicating that children tended to make greater gains if they started with a lower score. FIM motor score at admission was positively correlated with the length of time between the date of injury and admission to service (r ¼ 0.28, Po0.001), that is, as time increased post-injury, children in this sample had better functional ability.
Regression using FIM gain as the outcome variable showed that FIM admission score, time between injury and admission to service, neurological level and AIS, and traumatic etiology, but not age, contributed to the explanation of about 43% of the variability in FIM gain (Table 2) . Of these variables, FIM admission score and the neurological level had the strongest effects on FIM gain.
Discussion
This study documents the average functional abilities of children in acute through chronic phases post-SCI. Functional ability was associated with neurological level and completeness, and showed improvements even several years post-injury. Weak but significant associations were noted in Motor scores on the FIM after pediatric SCI DD Allen et al simple correlations between FIM motor scores and age, traumatic versus nontraumatic injury and time since injury. The negative correlation of FIM motor scores with age was unexpected, because older children should normally show more independent motor function, but confounding with other time-related factors may have affected these results. In multivariate analysis, FIM gain was not associated with age at injury, but only with time since injury, neurological level, completeness, functional ability at admission and etiology. No data were provided regarding the interventions for these children, so FIM gain could not be associated with particular treatments.
These admission FIM scores reflected functional status upon first inpatient encounter with SHC, not initial rehabilitation post-SCI. Children were admitted for a variety of reasons, including reconstructive surgeries for the upper limb, brush-up rehabilitation and habilitation, or for teaching new skills to children who had not yet developed far enough to attain such skills prior to injury. 12 Even if some of the gains recorded were because of some lack in the adequacy of initial rehabilitation post-SCI, finding improvement in over two-thirds of the subjects may indicate that children with SCI have the potential to make gains even years after injury, and the FIM can record such an improvement. In this study, 27% children showed either no gain or a loss at discharge. Stable or decreased FIM scores could have been due to temporary post-operative precautions for children following upper extremity reconstruction, 13, 14 spine surgery for correction of neuromuscular scoliosis 15 or hip surgery. 16 Analysis of follow-up FIM assessments 1 year after these inpatient stays may show improvement. Future studies of the results of specific interventions may help to answer questions about gain or lack thereof in specific skills. Another explanation for the lack of gain might be ceiling effects in the FIM motor domain. In a study of adults with SCI, Hall et al. 17 reported no ceiling effect in motor items, although most subjects scored at the ceiling of the cognitive and social domains. Only 12 children in the current study had the maximum score of 91 at admission; thus, any ceiling effect on average was minimal. The factors associated with FIM gains noted here contrast somewhat with those identified from previous studies, perhaps because this study population includes a range of acuity post-SCI. who reported a trend for children with injuries at the C6 to T1 levels at the acute to sub-acute stages to have the greatest gains. Similar to the trends reported by Garcia et al., 8 however, incomplete motor injuries and traumatic etiologies were associated with higher FIM gains in our multivariate analysis. This study's FIM scores compare favorably to FIM scores reported in studies of adults with SCI (age 16 years or above at injury). At the high cervical neurological level (C4 and above), the admission and discharge scores averaged 23 and 30, respectively, in this study. Hall et al. 17 reported that for adults with a C4 SCI, FIM motor scores at discharge and 1 year average 23 and 27, respectively. Discharge scores for children with thoracic and lumbosacral injuries averaged 71 and 79, respectively, compared with 69 and 73 for those with the same level injuries in adults. 17 The adults made greater gains than the children in this study during inpatient stays, but were uniformly admitted within 60 days (mean ¼ 8, s.d. ¼ 13) of injury and, thus, were more acute. The average gains for adults 1 year post-injury were limited to 5 points at best. 17 In this study, 66% of the children had a complete injury, designated AIS A. There is no other database specifically devoted to pediatric SCI with which this study population can be compared, but this proportion contrasts with the 50% of adults and children with a complete injury described by Go et al. 19 The higher proportion of complete injuries in children may reflect the tendency for pediatric SCI to result in more severe deficits. 7 Misclassification of completeness of injury may also occur: 20 children injured prior to being toilet trained may have difficulty with the anal exam used to determine S4/S5 functioning. The limitations of this study include the lack of specific information about the type of intervention provided to these children between admission and discharge. However, children with SCI commonly require interventions related to their growth and development. 12 Because this study focused on scores of FIM motor items rather than including the cognitive and social items, the score averages do not compare directly to some in other studies reporting total FIM scores. 8 The proportions of cases having a particular neurological level or specific etiology provided in this study do not necessarily reflect the proportions in the whole population of children with SCI. These proportions only reflect the population undergoing admission and discharge assessments at these three centers of the SHC. Annual follow-up data were not examined for this study, but might show differences in FIM gains compared with those reported here.
This study provides some initial description of motor function in a fairly large and diverse group of children with SCI. Although this makes a good basis for comparison for clinicians and researchers interested in the expected functional outcomes post-pediatric SCI, specific intervention studies, possibly with specific instruments to focus on changes in particular skills, are needed. Future projects might examine the gains in motor function over longer post-inpatient follow-up periods, gains in particular dimensions of motor function, such as self-care and transfers, and greater specificity regarding which age groups show gains over what time periods. FIM motor scores might also be examined for ceiling, floor or content gaps in subsets of the population that affect the ability of researchers to make a reasonable prognosis for children who have SCI.
